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0 Paper feeding apparatus. 

© The invention provides an apparatus for feeding 
a paper in which there are provided a stacker for 
placing a stack of papers and threefold cylinder for 
separating the lowermost paper by vacuum suction 
from the stack of papers placed on the stacker and 
sequentially feeding the separated paper one by 
one. The threefold cylinder is disposed below the 
stacker in the vicinity of the leading edge of the 
stacker in relation to the feeding direction. And, the 



FIG. I 



threefold cylinder includes a first cylinder rotatable 
and provided with a number of through holes on the 
circumferential surface; a second cylinder, installed 
inside the first cylinder, provided with a slit-shaped 
opening on the circumferential surface; a third cyl- 
inder, installed inside the second cylinder, provided 
with a slit-shaped opening on the circumferential 
surface thereof. The third cylinder is connected to 
vacuum suction. 
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PAPER FEEDING APPARATUS 



BACKGROUND OF THE INVENTION 



This invention relates to improvements in a 
paper feeding apparatus used In an electrostatic 
copier or a document image reader in which the 
lowermost document in a document stack placed 
on a document stacker can be separated one by 
one and conveyed to the exposure position on a 
platen glass. 

A recirculating document handler (RDH) and an 
automatic document feeder (ADF) are used as an 
automatic document feeder in which a plurality of 
documents are stacked on a document stacker and 
the documents are conveyed onto a platen glass of 
a copier. The paper separating efficiency of a doc- 
ument feeding unit is very important in this kind of 
apparatus. 

The bottom conveyance type of document 
feeding apparatus is conventionally used as it is 
excellent in the paper separating efficiency. In Jap- 
anese Patent Application O.P.I Publication Nos. 
69637/1983 and 76775/1976, this type of document 
feeding apparatus is disclosed. This apparatus is 
composed in such a manner that: the lowermost 
document stacked on a document stacker is sepa- 
rated from the stack and conveyed to the process- 
ing unit one by one; and the document is returned 
to the document stacker or a delivery stacker after 
the document is exposed. 

A typical document feeder of a recirculating 
document handler (RDH) which realizes the bottom 
conveyance type of document feeder mentioned 
above, is the bottom conveyance and upper piling 
type of document feeder which is composed in 
such a manner that a document feed opening is 
provided to the lower edge-portion of a document 
feeding unit: a document which is sent from the 
first document feeding unit close to the document 
feeding port, is guided from the second document 
feeding unit through the document feeding passage 
onto the upper surface of the platen glass of a 
copier; the document is moved on the platen glass 
to the exposure position by the motion of a con- 
veyance belt provided on a' platen glass; when the 
document is placed at the exposure position, an 
optical exposure system is reciprocated in order to 
expose the document; the exposed document is 
moved by the motion of the conveyance belt and 
the document is conveyed through the recirculating 
passage and stacked on the uppermost position of 
the document stack placed on the document stack- 
er. 

In the conventional document feeder described 
above, the first document feeding unit is composed 



of: a document feeding belt which feeds the lower- 
most document of the document stack placed on 
the document feeding position; and a stop roller 
which comes into contact with the document feed- 
s ing belt with pressure In order to prevent double 
feeding of documents. However, in the case of the 
document feeding apparatus described above, 
when the documents located at the regular position 
on the document stacker, are pushed by a push 

70 belt to the document feeding position, a plurality of 
documents are squeezed into the wedge-shaped 
portion formed by a document feeding belt and a 
stop roller and furthermore the documents enter 
into the nip portion. 

15 Furthermore, as the above-mentioned stop roll- 
er comes into contact with the above-mentioned 
document feeding belt with pressure, the front side 
of the document and the reverse side of another 
document are rubbed with each other, so that the 

20 document surfaces are stained and the image on 
the document is damaged. 

In order to solve the problems described 
above, the separating document feed system has 
been proposed in which the suction force or the 

25 blowing force by air is used. 

The first type of the system was disclosed by 
the American Patent No. 4,345,751, which is the 
rotary suction document separating type of docu- 
ment feeding apparatus in which an rotating vacu- 

30 urn cylinder and the document conveyance unit are 
combined. This system is characterized in that a 
vacuum suction cylinder is provided close to the tip 
of a document stack located on a document stack- 
en only the lowermost document of the stack is 

35 separated from the document stack by the suction 
force of the vacuum suction cylinder; and the sepa- 
rated document is adhered to the curved surface of 
the cylinder and sent downward so that the docu- 
ment can be transfered to the following convey- 

40 ance unit After the document is conveyed by the 
vacuum cylinder, the opening portion of the cyl- 
inder is returned to the position right below the 
document stack. 

The cylinder unit of the document feeding ap- 

45 paratus of this proposal must be provided with a 
mechanism which is characterized in that when a 
document is delivered, the vacuum suction is 
turned on; and when the cylinder is returned, the 
vacuum suction is turned off. 

so Furthermore, a strong vacuum suction unit by 
which the heavy static pressure can be generated, 
is necessary in order to increase the document 
separation force, so that it causes such problems 
that the noise is increased; a wide space is neces- 
sary to install the unit; and the manufacturing cost 
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of the document feed unit is increased. 

In this rotating vacuum cylinder type of docu- 
ment feeding apparatus, a pipe made from alu- 
minum alloy is used as a suction and conveyance 
surface. When the coefficient (u) of friction be- 
tween the aluminum alloy surface and the docu- 
ment surface is 0.3 to 0.5 and the coefficient of 
friction between the document surfaces is 1.0, the 
force necessary to pull out a document from a 
document stack composed of documents of A3 
size, is about 1kg. The force needed to pull out a 
document from a document stack is determined by 
the area of the opening of the vacuum cylinder, the 
static suction pressure, and the coefficient (u) of 
surface friction. When a strong force is given to a 
document in order to pull it out from a stack, the 
front side of one document and the reverse side of 
the other document are rubbed, which causes such 
a problem that the surfaces of documents are 
stained and damaged, so that the quality of images 
is deteriorated. 

The above-mentioned vacuum cylinder and the 
conveyance roller must be eccentrically placed to 
the vacuum belt (the negative pressure belt) and 
their insides must be divided into two in the case 
of a document feeding apparatus which is com- 
posed in such a structure that a plurality of 
through-holes are provided to the endless belt 
which conveys a document from the document 
stack to the platen glass; and negative pressure is 
activated to the document through the holes on the 
belt 

In the case of a plurality of endless negative 
pressure belt, the irregularity of speed is liable to 
occur among the belts. As a result, the conveyed 
document is sometimes deformed. Unless the de- 
formation of a document is eliminated before copy- 
ing, the document image can not be formed on a 
recording paper correctly. Furthermore, the struc- 
ture and motion of this type of document feeding 
apparatus are complicated and especially the rotat- 
ing mechanism of the suction drum is complicated. 

Further, U.S. Patent No. 4,284,270, No. 
4,324,395, No. 4,411,417, and the like disclose 
another conventional document feeding system, 
which is called the air-knife document separating 
system. 

In this document feeding system, the lower- 
most document is conveyed by a vacuum belt in 
such a manner that the lowermost document of a 
document stack is sucked by a vacuum suction 
belt having a protruded portion in the middle so 
that a space can be made between the document 
and the document stack; air is blown into the space 
so that the document stack can be floated by air 
pressure; and the lowermost document can be 
pulled out from the stack. 

When the document has been delivered from 



the above-described vacuum suction belt to the 
following conveyance roller, the vacuum suction 
must be stopped until the trailing end of the docu- 
ment passes through the vacuum suction belt The 

5 reason to stop the vacuum suction is that if the 
vacuum suction is continued after the document is 
delivered to the conveyance roller, the document is 
rubbed by the vacuum belt or the document is 
pulled by the vacuum suction belt. Consequently, it 

io is necessary for the vacuum suction belt unit to be 
turned on or off every time a document is fed. For 
that reason, consideration must be given to the 
suction preparing time which is defined as the time 
(about some hundreds millisecond) necessary to 

75 start the vacuum suction after the vacuum unit is 
turned on. The suction preparing time is 10 times 
longer than that of the conventional friction separat- 
ing type of document feeder, wherein in the case 
of the conventional friction separating type of docu- 

20 merit feeder, this suction preparing time is 30 to 
50ms which is the same as the response time of a 
magnetic clutch. As a result, the response lag of 
the air-knife separating system is 10 times larger 
than that of the conventional magnetic clutch sys- 

25 tern. For that reason, the air-knife separating sys- 
tem is inferior from the view point of the follow-up 
ability at a high speed, so that it is not suitable for 
high speed document separation and conveyance. 
Accordingly, these types of document feeding ap- 

30 paratuses have such problems that (1) the shape 
of the document stacker surface is not simple, so 
that the shape of the suction box can not cope with 
various sizes of documents; (2) as the document is 
sucked by an air gap, the lead time is necessary, 

35 so that these types of document feeding ap- 
paratuses are not suitable for high speed document 
feeding; (3) as a special blower is necessary for 
these types of document feeding apparatuses, the 
control is complicated and the cost is increased. 

40 

SUMMARY OF THE INVENTION 



45 The object of the present invention is to solve 
the above-described problems by providing a doc- 
ument feeding apparatus which is characterized in 
mat a document is reliably and stably separated 
and conveyed at a high speed; and the damage 

50 and stain of a document and the deformation of an 
image, these defects tend to occur in the friction 
handling system, can be prevented. 

Another object of the present invention is to 
make the structure of the document feeding ap- 

55 paratus which can accomplish the above-described 
object, compact and simplified, and furthermore to 
make the apparatus reliable in its operation and 
control. 
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The above-described object of the present in- 
vention can be accomplished by a document feed- 
ing apparatus in which the lowermost document of 
a document stack placed on a document stacker is 
separated one by one and conveyed in order, and 
which is characterized in that the first cylinder is 
provided to the lower position close to the front 
edge of the above-described document stacker in 
the direction of document conveyance, wherein the 
first cylinder is composed in such a manner that a 
plurality of small holes are provided to the circum- 
ferential surface of a pipe-shaped cylindrical body 
which can be rotated; the second cylinder is in- 
stalled inside the first cylinder, wherein the second 
cylinder is composed in such a manner that a slit- 
shaped opening is provided on the circumferential 
surface of a pipe-shaped cylindrical body; the third 
cylinder is installed inside the second cylinder, 
wherein the third cylinder is composed in such a 
manner that a slit-shaped opening is provided on 
the circumferential surface of a pipe-shaped cylin- 
drical body; and accordingly the document feeding 
apparatus is composed of a threefold pipe mecha- 
nism of the first, second and third cylinders which 
sucks and separates a document In the above- 
described threefold pipe mechanism, the above- 
described first, second and third cylinders are lo- 
cated on the same shaft and the circumferential 
surfaces of the cylinders are concentric. 

The circumferential surface of either of the 
second cylinder and the third cylinder is provided 
with a slit-shaped vacuum suction opening in the 
axial direction of the cylinder. The circumferential 
surface of the other cylinder is provided with a 
plurality of slit-shaped openings with different 
length in the axial direction of the cylinder cor- 
responding to a plurality of sizes of documents to 
be fed. 

In the above-described composition of a docu- 
ment feeding apparatus, the above-described sec- 
ond cylinder or the third cylinder which has a 
plurality of slit-shaped openings, is rotated and 
held at a predetermined angular position according 
to the signal of a plurality of document sizes. 

After that, the other cylinder is rotated so that 
the composed opening formed by the slit-shaped 
openings of both cylinders is gradually opened and 
the lowermost document of a document stack is 
sucked and separated. After the above-mentioned 
composed opening is expanded, the above-men- 
tioned first cylinder is rotated so that the above- 
mentioned document can be conveyed. 

In the document feeding apparatus of the 
present invention, after the slit-shaped openings of 
the above-mentioned second cylinder and the third 
cylinder have been matched and the composed 
opening has been fully opened, the above-men- 
tioned first cylinder is rotated in order to convey 



the above-mentioned document 

A preferable embodiment of the above-de- 
scribed composition of a document feeding appara- 
tus can be described as follows: either of the 
5 second cylinder and the third cylinder is kept stop- 
ped and the other cylinder is rotated so that the 
composed opening formed by the slit-shaped 
openings of both cylinders is gradually shifted from 
the closed state to the open state and the lower- 
10 most of the document stack is sucked and sepa- 
rated; and after both openings have been matched 
and the composed opening has been kept fully 
open for a predetermined time, the first cylinder is 
rotated in order to convey the above-mentioned 

75 document. 

It is preferable that in the above-described 
threefold pipe suction mechanism, a layer with a 
large coefficient of friction is provided around the 
circumferential surface of the above-described cy- 

20 lindrical body of the first cylinder. The above-de- 
scribed layer can be formed by a rubber sheet 

A preferable embodiment of the present inven- 
tion is a document feeding apparatus in which the 
lowermost document of a document stack is sepa- 

25 rated one by one and conveyed in order, and 
which is characterized in that an outside cylinder 
is rotatably installed at the lower position close to 
the front edge of the document stacker in the 
direction of document conveyance, wherein the 

30 outside cylinder is composed in such a manner 
that a plurality of small holes are provided around a 
pipe-shaped cylindrical body; at least one inside 
cylinder is installed inside the outside cylinder, 
wherein the inside cylinder is composed in such a 

35 manner that a slit-shaped opening is provided ar- 
ound the circumferential surface of a pipe-shaped 
cylindrical body; a suction unit which is connected 
with the inside cylinder, is provided to the docu- 
ment feeding apparatus; a vacuum conveyance 

40 means to suck and convey the lowermost docu- 
ment of a stack, is provided; and a blast means is 
provided by which compressed air is blown out to 
the outside cylinder surface and to the vicinity of 
the front edge of the document stack so that the 

45 lowermost document of the document stack can be 
separated. 



BRIEF DESCRIPTION OF THE DRAWINGS 

50 

Fig. 1 is a sectional front view of an example of 
the document conveyance apparatus of the present 
invention. Fig. 2 is a partial sectional front view of 
55 the threefold pipe mechanism of the apparatus 
illustrated in Fig. 1. Fig. 3 is a perspective view of 
the first cylinder. Fig. 4 is a perspective view of the 
second cylinder. Fig. 5 is a perspective view of the 
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third cylinder. Fig. 6 is a schematic illustration 
which shows the relation between the developed 
plan of the third cylinder and the document size. 
Fig. 7(A) and Fig. 7(B) are schematic illustrations of 
a circulation type of document feeding apparatus. 
Figs. 8(A), 8(B), 8(C), 8(D), and 8(E) are sectional 
views which illustrate the document feeding pro- 
cess of a document feeder. Fig. 9 is a sectional 
view of another example of a document feeding 
apparatus. Fig. 10 is a time chart of a document 
feeding process. Rg. 11(A) and Fig. 11(B) are 
sectional views of another example of the threefold 
pipe mechanism of the present invention. Fig. 12 is 
a sectional front view of a document feeding ap- 
paratus in which an example of the document feed- 
ing unit with the blast means of the present inven- 
tion is used. Rg. 13 is a sectional view which 
explains the document feeding process of a docu- 
ment feeding unit including the blast means. Rg. 
14 is a perspective view of another example of the 
blast means. Rg. 15 is a perspective view of a 
document bumping plate which is installed op- 
posite to the blast means. 



PREFERRED EMBODIMENT OF THE INVENTION 



Referring now to the attached drawings, the 
examples of the present invention will be described 
in detail. 

In the following example, the present invention 
is applied to a recirculating document handler 
(RDH) in which a document is circulated in the 
equipment It should be understood that the docu- 
ment feeding equipment of the present invention is 
not limited to the specific example but it can be 
applied to an automatic document feeder (ADF), a 
document reader, and the like. 

Rg. 1 is a sectional front view of the recir- 
culating type document feeder 200 which is in- 
stalled on the copier body 100. In Rg. 1, the 
numeral 100 is a copier body and the numeral 200 
is a recirculating type document feeder to which 
the document feeding mechanism of the present 
invention is applied. The recirculating type docu- 
ment feeder 200 is provided with the document 
stacker 201, wherein the down stream portion of 
document flow of the document stacker 201 is set 
upward as illustrated in Rg. 1. The document 
stacker 201 is provided with the trailing end regu- 
lating piate 202 against which the trailing ends of 
documents D are bumped when documents D are 
set on the stacker, and provided with the side 
regulating plate 203 by which the side edges of 
documents D are arranged. On the lower surface of 
the document stacker 201, the side regulating 
plates 203 are connected with a pair of racks 



205,205 which engage with a pinion 204 and can 
be slid in the opposite direction with each other, so 
that the side regulating plates 203 can be moved 
symmetrically with regard to the center line of the 

5 document The width of documents D can be iden- 
tified by detecting the movable position of the side 
regulating plate 203 with a sensor which is not 
illustrated in the drawing. The above-described 
trailing end regulating plate 202 has the function of 

w pushing documents D placed on the document 
stacker 201 so that the leading edge of documents 
D can reach the document stopper 208 and the 
detecting position (the fixed position) of the stack 
sensor 206. 

is The numeral 208 is a document stopper which 
is located close to the document feed inlet in the 
document feeding direction and the document 
stopper is fixed to the frame of the document feed 
unit. 

20 The blast means 270 is provided to the back of 
the document stopper 208 and air is blown out 
from the outlet 271 located downward in order to 
assist the separation of documents. 

The numeral 207 is a sensor which can detect 

25 documents D placed on the document stacker 201. 
The sensor 207 is installed on the upper moving 
unit 209 located at the front upper position of the 
above-described trailing end regulating piate 202 
so that the sensor 207 can be moved integrally 

30 with the trailing end restricting plate 202. 

The sensor 207 can always optically detect 
whether documents D are set on the document 
stacker 201 or not in any cases such as: when 
document D are stopped at the initial position on 

35 the document stacker 201; when the trailing ends 
of documents D are pushed and slid on the docu- 
ment stacker 201; and when the leading edge of 
documents D reach the feeding start position. Ac- 
cordingly, a useless copy operation can be pre- 

40 vented, wherein the useless copy operation can be 
described as follows: documents D are not set on 
the document stacker 201, nevertheless a copy 
motion starts. 

The above-described sensor 207 to detect doc- 

45 ument setting, is provided on the document deliv- 
ery guide plate of the upper moving unit 209, 
wherein the front portion of the sensor 207 is 
protruded forward. A through hole is provided to 
the front lower face of the frame on which the 

so sensor 207 is installed. The light projected on the 
sensor 207 from the inside of the frame and the 
reflected light to the sensor, pass through the 
above-described through hole in the frame. The 
above-described sensor 207 is composed in such a 

55 manner that: the light emitting unit composed of a 
LED and the light receiving unit composed of a 
phototransistor are provided to the same frame. 
The light projected from the light emitting unit 
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(LED) passes through the through hole in the frame 
and reaches the reflecting plate 202a which is 
integrally protruded forward from the lower edge- 
portion of the trailing end regulating plate 202. The 
light reflected by the reflection plate 202a passes 
the through hole in the frame again and reaches 
the light receiving unit (the phototransistor). 

The above-described upper moving unit 209 is 
provided with the trailing end regulating plate 202 
and the sensor 207 to detect documents. Further- 
more, the document separator 210 is provided to 
the middle of the upper moving unit 209. 

In the case of the recirculating document feed- 
er described above, it is necessary to detect the 
circulation of documents. In order to attain the 
object of detecting the document circulation, the 
above-described separator 210 is operated as fol- 
lows: the separating arm 209A of the separator 210 
is set beforehand on the uppermost document of 
the document stack placed on the document stack- 
er 201; the circulated documents are stacked on 
the separating arm in order; when the last docu- 
ment which comes into contact with the separating 
ami 209A is fed, the separating arm 209A is with- 
drawn from the document stacking position; and 
when the last document is returned onto the docu- 
ment stacker and stacked on the uppermost docu- 
ment of the stack, the above-described separating 
arm 209A comes into contact with the uppermost 
document of the stack. 

The upper moving unit 209 is provided with the 
edge-portion roller 213 which is rotated by the 
delivery belt 212 and provided with the idle roller 
214 which is rotated coming into contact with the 
edge-portion roller 213 with pressure. The delivery 
belt 212 is stretched by: the drive roller 215 which 
is connected with the main motor through a one- 
way-clutch; the upper edge-portion roller 213 which 
can be horizontally moved along the upper and 
tower sides of the document stacker 201 ; the lower 
edge roller 216; and a group of auxiliary rollers 
217. 218, and 219. The delivery belt 212 is 
stretched forming a C-shape surrounding the rear 
portion of the document stacker 201. When the 
above-described drive roller 215 is driven in a 
constant direction, the delivery belt 212 conveys 
document D delivered from the conveyance belt in 
the delivery direction. 

The numeral 220 is a conveyance belt which 
conveys document D in the normal and reverse 
direction on the platen glass 102. This conveyance 
belt 220 is stretched between the first roller 221 
which is located on the entry side and is connected 
with the main motor through a revolution chan- 
geover means, and the second roller 222 which is 
located on the delivery side. The tension roller 223 
comes into contact with the upper surface of the 
belt close to the first roller 221 side. A plurality of 



squeeze roller 224, 224, 224 come into contact 
with the belt surface with pressure so that the lower 
belt surface can siidabty come into contact with the 
platen glass 102. 

5 The above-described first roller 221 and the 
second roller 222 are connected with each other by 
a timing belt not illustrated in the drawings. When 
the conveyance belt 220 is rotated in the normal 
direction (clockwise in Rg. 1), It is driven by the 

7a drive force of the first roller 221 and the lower side 
belt becomes a slack side. In this case, the second 
roller 222 slips by the action of the one-way-clutch. 
When the above-described conveyance belt 220 is 
rotated in the opposite direction (counterclockwise), 

T5 the one-way-clutch is locked and the conveyance 
belt 220 is driven by the second roller 222. In other 
words, there are two cases in driving the convey- 
ance belt, one is the case in which the conveyance 
belt 220 is driven by the first roller 221 and the 

20 other is the case in which the conveyance belt 220 
is driven by the second roller 222, which is espe- 
cially useful when synchronous exposure is con- 
ducted while document D is moved on the platen 
glass 102. 

25 The numeral 103 is a document stopper which 
is provided to the delivery side edge-portion of the 
platen glass 102 and this stopper can be raised 
and lowered with regard to the platen glass 102. 
This document stopper 103 is operated in such a 

30 manner that while the document is conveyed at a 
synchronous exposure speed on the platen glass 
102 by the conveyance belt 220 as in the case of 
the document circulating copy mode, the optical 
exposure system 110 In which the stationary mode 

35 or the moving mode can be selected and which is 
located just below the platen glass, conducts expo- 
sure as fixed so that an image can be formed on a 
photoreceptor drum, and in this case the document 
stopper 103 is lowered under the platen glass; and 

40 while the document is stopped at the exposure 
position on the platen glass 102 as in the case of 
ADF or SDF mode, the above-described optical 
system 110 is moved so that exposure can be 
conducted in order to form an image on the 

45 photoreceptor drum, and in this case the document 
stopper 103 is protruded from the platen glass 102. 

The numeral 225 is a delivery guide plate 
which is provided to the delivery side of the above- 
described platen glass. The numeral 226 is a chan- 

50 geover claw installed on the middle way of the 
above-described delivery guide plate 225, and this 
claw changes over the passages of a document 
between the circulating delivery passage B which 
is directed to the document stacker 201 and the 

55 outside delivery passage B which is directed to the 
delivery tray 227 located outside the apparatus. 
When the above-described trailing end regulating 
plate 202 is returned to the home position, the claw 
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226 opens the outside delivery passage C, and 
when the trailing end regulating plate is not at the 
home position, the claw 226 opens the circulating 
delivery passage B. 

Passage E is a document reverse passage 
which is used when a two-sided-copy is conducted. 
Document D is reversed by this passage E and 
conveyed again onto the platen glass 102. 

The numeral 230 is a suction cylinder unit 
which separates documents one by one from a 
document stack placed on a predetermined posi- 
tion and feeds the separated document onto the 
platen glass 102. 

Fig. 2 is a partial sectional plan view of the 
above-described suction cylinder unit Fig. 3 is a 
perspective view of the most outside pipe member 
of the cylinder unit Fig. 4 is a perspective view of 
the middle pipe member. Fig. 5 is a perspective 
view of the most inside pipe member. 

The above-described cylinder unit 230 is com- 
posed of the most outside pipe member 231 (the 
first cylinder), the middle pipe member 241 (the 
second cylinder), the most inside pipe member 251 
(the third cylinder), and a drive means to rotate 
these pipe member. 

The most outside pipe member 231 (the first 
cylinder) is formed by a thin circular pipe made 
from aluminum alloy and a plurality of small 
through-holes 231 A are provided on its circum- 
ferential surface which is covered by a synthetic 
rubber. The size of the above-described through- 
holes 231 A is 3 to 10mm and they are laid out at 
right angles or zigzag. The synthetic rubber which 
coats the first cylinder is selected from the materi- 
als which have a high coefficient of friction and are 
excellent in strength, heat-resistance, low tempera- 
ture resistance, abrasion resistance, oil resistance, 
and adhesion characteristic, for example the follow- 
ing can be used and applied to the circumferential 
surface of the pipe member by the method of 
coating or spraying so that a film of uniform thick- 
ness is formed. They are ethylene propylene rub- 
ber (EPDM), chloroprene rubber, urethane rubber, 
styrene rubber, acrylic rubber, butyl rubber, butadi- 
ene rubber, silicone rubber, fluorine contained rub- 
ber, and the like. 

For example, when the metal surface, the fri<> 
tion coefficient of which to the paper document is 
described as u = 0.3, is changed into a synthetic 
rubber surface by coating, the friction coefficient of 
which is described as a = 1.2, the slippage be- 
tween the surface and the document can be elimi- 
nated and the document can be strongly held in 
close contact with the curved surface of the most 
outside pipe member 231. As a result, it has be- 
come possible to reduce the static suction pres- 
sure to 1/4. 

The flanges 232,233 are integrally engaged 



with the openings of both sides of the most outside 
pipe member 231. 

The bearing BR1 is provided to the inside of 
the above-described flange 232. The bearing BR1 

5 is provided to the outside of the suction connecting 
pipe 236 which is connected wfth the suction pipe 
235 provided to the side plate 234, so that the 
suction connecting pipe 236 is rotatably supported 
by the bearing BR1 to the suction pipe 235. 

w The gear 232G is integrally formed on a por- 
tion of the outside of the above-described flange 
232. The drive force of motor M1 is transmitted to 
the gear 232G fixed to one end of the above- 
described most outside pipe member 231 in such 

is a manner that the pinion G11 is driven by motor 
Ml; the gear G12 and the toothed pulley P11 
provided to the first intermediate shaft 237 are 
rotated by the pinion G11; the toothed pulley P12 
and the gear G13 which are connected with clutch 

20 K provided to the second intermediate shaft 238, 
are rotated by the toothed pulley P11 through the 
toothed belt B1; and the gear 232G fixed to one 
end of the above-described most outside pipe 
member 231, is driven by the gear G13. 

26 At the same time, the above-described toothed 
belt B1 rotates the intermediate conveyance rollers 
261,262 through the third intermediate shaft not 
illustrated in the drawings, wherein the third inter- 
mediate shaft has the same shape as the second 

30 intermediate shaft The numeral 263 is a guide 
plate and the numeral 264 is a sensor to detect the 
leading edge of a document 

The bearing BR2 is provided to the outside of 
the boss of the flange of the other end of the most 

35 outside pipe member 231. The bearing BR2 is 
supported by the supporting member 239 which is 
fixed to the side plate 240. Consequently, both 
sides of the most outside pipe member 231 are 
rotatably supported by the side plates 234,240. 

40 The most outside pipe member 231 sucks a docu- 
ment through the above-described small through- 
holes 231 A, so that the sucked document comes 
into close contact with the cylindrical surface of the 
pipe member 231 in order to be conveyed, wherein 

45 the rotation of the pipe member 231 is controlled to 
rotate or to stop. 

The middle pipe member (the second cylinder) 
241 is made of a thin circular pipe made from 
aluminum alloy. The rectangular openings 

so 241A.241A.241A241A are formed on a portion of 
the circumferential surface of the second cylinder. 
The opening angle a of these openings 241 A is set 
tobe10* to80\ 

The flanges 242,243 are integrally engaged 

65 with the inside of the openings of both sides of the 
above-described middle pipe member 241. 

The bearing BR3 is provided to the inside of 
the above-described flange 242 and the bearing 
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BR3 is engaged with the circumferential surface of 
the above-described suction connecting pipe 236 
so as to be rotatably supported. 

On the other hand, the bearing BR4 is engaged 
with the outside of the boss of the flange 243, so 
that the flange 243 is engaged with the above- 
described flange 233 through the bearing BR4. As 
a result, the flange 243 is rotatably supported by 
the flange 233. The toothed pulley P22 and the 
cam 244 are fixed to the tip of the boss of the 
above-described flange 243. Motor M2 drives the 
toothed pulley P22 In such a manner that: the 
pinion gear Q21 is driven by motor M2; the gear 
G23 and the toothed pulley P21 provided to the 
second intermediate shaft 246 are rotated by the 
pinion gear G21 through the gear G22 which is idly 
provided to the first intermediate shaft 245; and the 
toothed pulley P22 is driven by the toothed pulley 
P21 through the toothed belt B2. 

The above-described cam 244 opens and 
closes the optical passage of the transmission type 
of optically coupled element 247 so that the rota- 
tion of the middle pipe member 241 can be con- 
trolled. 

The middle pipe member 241 has the function 
of a shutter to suck and separate a document by 
the negative pressure from the openings 241 A, and 
the middle pipe member 241 is rotated by one 
revolution to convey a sheet of document and after 
that it is stopped. 

The most inside pipe member 251 (the third 
cylinder) is formed of a thin circular pipe made 
from aluminum, for instance, and the rectangular 
openings 251A£51A£51A£51A are provided to a 
portion of its circumferential surface. The opening 
angle /3 of the openings 251A is set to be 10* to 
80\ 

Rg. 6 is a development plan of the above- 
described most inside pipe member 251 and a 
schematic illustration to explain the relation be- 
tween the pipe member and various document 
sizes. 

Three kinds of openings 251A£51B,251C are 
provided to the circumferential surface of the most 
inside pipe member 251, wherein the length of the 
openings in the axial direction is different As illus- 
trated in Rg. 6, the distance between the openings 
251A is defined as 11. The distance £1 is set at 
about 295mm, for example, so that the longitudinal 
size (257mm) of B5 standard paper size and the 
longitudinal size (297mm) of A4 standard paper 
size can be included. In the case of the openings 
251 B, 12 is set at about 360mm, for example, 
which corresponds to the longitudinal size (364mm) 
of B4 standard paper size. In the case of the 
openings 251 C, 13 is set at about 420mm, for 
example, which corresponds to the longitudinal size 
(420mm) of A3 standard paper size. 
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The flanges 252,253 are integrally engaged 
with the inside of the openings of both sides of the 
above-described most inside pipe member 251. 
One of the flanges 252 is rotatably supported 

5 by the circumferential surface of the suction con- 
necting pipe 236 through the bearing BR5 in the 
same way as the above-described flange 242. 

The boss of the other flange 253 is engaged 
with the above-described flange 243 through the 

w bearing BR6 and rotatably supported. Trie drive 
shaft 254 is fixed to the boss of the flange 253. 
The drive shaft 254 is penetrated through the boss 
of the above-described flange 243, and the toothed 
pulley P32 and the cam 255 are fixed to one end 

is of the drive shaft 254. 

The toothed pulley P32 is driven by motor M3 
which is not illustrated in the drawings. Its drive 
means is the same as that of the above-described 
motor M, the toothed pulley, and the toothed belt. 

20 The above-described cam 255 opens and 
closes the optical passage of the photointerrupter 
256 so that the revolution of the most inside pipe 
member 251 is controlled. 

The most inside pipe member 251 is rotated 

25 according to the document size and stopped at a 
predetermined position so that the most appro- 
priate opening to the document size can be se- 
lected. 

Referring now to Rgs. 7(A) and 7(B) which are 
30 schematic illustrations explaining the composition, 
and to Rgs. 8(A) to 8(E) which are sectional views 
of the suction cylinder unit the working action of 
the apparatus will be explained. 

(1) Documents are stacked and set on the 
36 document stacker 201 in such a manner that the 

front side of a document is set upward; the docu- 
ments are arranged in order of page to form a 
stack, wherein the uppermost document has the 
smallest page number; and the trailing end of the 
40 document stack is bumped against the trailing end 
regulating plate 202 which is located at its home 
position. 

(2) Both sides of the documents are arranged 
by the document side regulating plate 203, so that 

45 the document size can be detected and stored, 
(the document size detecting means 228) 

(3) The number of copies is inputted and the 
copy button is pressed in order to be turned on. 

(4) By these operations described above, the 
so separator 210 is rotated and the document is de- 
tected and confirmed by the sensor 207 which is 
used to detect the document setting. 

(5) According to the document size signal by 
the process (2), the most inside pipe member 251 

55 is rotated by motor M3 and stopped at a predeter- 
mined position. In other words, the suction width is 
changed by this operation. Rg. 8(A) illustrates the 
state of the apparatus just before the suction is 
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started. In this state, both pipe members are stop- 
ped and the relation between the opening 241 A of 
the middle pipe member 241 and the opening 
251 A of the most inside pipe member 251 is to 
close the suction as a whole. 

(6) Then, motor M4 which is the power source 
of the delivery belt 212 is started, so that the upper 
edge-portion roller 213 which is provided to the 
upper moving unit 209, can be moved forward in 
the direction of document feed and so that the 
lower edge-portion roller 216 which is provided to 
the lower moving unit can be moved backward in 
the direction of document feed. The trailing end 
regulating plate 202 which is provided to the upper 
moving unit 209, is advanced pushing the trailing 
end of document D, and when the stack sensor 
detects that the leading edge of document D has 
bumped against the document stopper 208, the 
power source M4 is stopped by the action of the 
control means 229. Refer to Fig. 7(B). At this 
moment the tip of the document stack overhangs 
the contact point between the document and the 
most outside pipe member 231 so that the docu- 
ment is protruded by its stiffness. Refer to Fig. 8- 
(A). 

(7) The suction means of the suction cylinder 
unit 230 is turned on, and the pressure inside the 
suction pipe 235, the suction connecting pipe 236, 
and the most inside pipe member 251, is made 
negative by the negative pressure generated by 
the suction unit. At the same time, the blast means 
270 is turned on and the compressed air is blown 
from the outlet 271 against the outer circumferen- 
tial surface of the most outside pipe member 231 
of the suction cylinder unit 230. However, the most 
outside pipe member 231, the middle pipe member 
241, and the most inside pipe member 251 are 
stopped and the openings 241 A and 251 A are not 
matched with each other as illustrated in Fig. 8(A), 
so that the air of negative pressure can not pass 
through the openings and document D can not be 
sucked. 

(8) Successively, the middle pipe member 241 
is rotated by motor M2 and the opening 241 A is 
rotated clockwise, so that the relative opening an- 
gle 01, which is formed by the opening 241 A and 
the opening 251 A of the most inside pipe member 
251 in the stopped condition, is gradually expand- 
ed and the opening ratio is increased. Refer to Rg. 
8(B). At this moment the most outside pipe mem- 
ber 231 is stopped. When the opening rate is 
increased, the suction generated by the suction 
unit sucks the contact portion of the lowermost 
document D 1 through the openings 251A.241A 
and the small through-hole 231 A, and the lower- 
most document is separated from the the stack and 
adhered to the circumferential surface of the most 
outside pipe member 231. 



(9) When the middle pipe member 241 is fur- 
ther rotated and the opening 241 A and the opening 
251 A are matched so that the state of full admis- 
sion (the relative opening angle 02, the opening 

s ratio 100%, in Rg. 8(C)) is formed, the above- 
described document D 1 is sucked by the suction 
which passes through the openings 251 A, 241 A 
and the small through-hole 231 A, and the docu- 
ment comes into close contact with the outer cir- 

io cumferential surface of the most outside pipe 
member 231. 

(10) While the document is sucked to the outer 
circumferential surface of the most outside pipe 
member, clutch K is turned on so that the most 

75 outside pipe member 231 is rotated by motor M1. 
Document D1 which is sucked to the outer circum- 
ferential surface of the most outside pipe member 
231, is moved by the revolution of the most outside 
pipe member 231 and pulled out from the dccu- 

20 merrt stack so that it is conveyed. Then, the lead- 
ing edge-portion of document D 1 is conveyed 
along the inside of the guide plate 263. The docu- 
ment leading edge detecting sensor 264 detects 
the leading edge of document D. After the leading 

2s edge of document D 1 is held by the intermediate 
conveyance rollers 261, 262, clutch K is turned off 
so that the revolution of the intermediate convey- 
ance rollers 261, 262 is stopped holding the docu- 
ment D between them, wherein document D is kept 

30 waiting so that it can be conveyed synchronously 
with a transfer paper which is conveyed by a 
resisting roller of the paper feeding unit in the 
copier body 100. Rg. 8(D) is a partly sectional view 
of the document feeding unit in which document D 

35 . 1 is kept waiting. 

(11) The intermediate conveyance rollers 261, 
262 are rotated again according to the paper feed- 
ing start signal to a transfer paper, and the leading 
edge of document D 1 is conveyed onto the con- 

40 tact position between the conveyance belt 220 and 
the platen glass 102 illustrated in Rg. 1. When 
document D1 is conveyed by the intermediate con- 
veyance rollers, the most outside pipe member 231 
is rotated by document D as an idler. The middle 

45 pipe member 241 is rotated clockwise in the ar- 
rowed direction and stopped when it reaches the 
initial position (Rg. 8(A)). 

(12) In the way described above, a sheet of 
document D1 which has been sent out by the 

so suction cylinder unit 230, enters into passage A. 
Document D1 is pinched by the intermediate rollers 
261, 262 provided on the half way and conveyed to 
the contact position between the platen glass 102 
and the conveyance belt 220 synchronously with 

55 the exposure speed. When the document leading 
edge detecting sensor 264 detects that the trailing 
end of document D1 has passed through the suc- 
tion cylinder unit 230, the suction cylinder unit 230 
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starts to pull out the next document 

(13) Document D1 which has been conveyed 
by the above-described intermediate rollers 261, 
262, is conveyed on the platen glass 102 by the 
conveyance belt 220 synchronously with the expo- 
sure speed and exposed by the stationary optical 
system 110 so that the document image can be 
formed on a photoreceptor drum. After exposure, 
document D 1 is conveyed upward along the deliv- 
ery guide plate 225 and delivered to the document 
stacker 201 by the delivery belt 212. When docu- 
ment D1 is stacked on the stacker again, the lead- 
ing edge and the trailing end of document D1 
which is delivered onto the document stacker 201, 
are arranged by the document stopper 208 and the 
trailing end regulating plate 202, and both sides of 
the documents are arranged by the side regulating 
plates 203, 203. The previously stacked documents 
D and the circulated document D1 are sorted by 
the document separator 210. The above-described 
document feeding motion is repeated until all of the 
documents D on the document stacker 201 are fed. 
When the stack sensor 206 detects that all of the 
documents D have been fed and the delivery sen- 
sor detects that the last document D has been 
delivered, the stacked documents are sent out from 
the document stacker by the trailing end regulating 
plate 202, wherein the above-described motions 
are repeated until the copies of a predetermined 
number are obtained. When the above-mentioned 
delivery sensor detects that the copies of a pre- 
scribed number have been obtained, the trailing 
end regulating plate 202 is returned to its initial 
position in order to prepare for the next operation. 
The motions of a case in which a one sided docu- 
ment is copied onto one side of a recording paper 
in RDH mode, are described above. When a two- 
sided-document is copied onto one side of two 
recording papers in RDH mode or a two-sided- 
document is copied onto both sides of a recording 
paper, the document is guided into reverse pas- 
sage E. 

The suction cylinder unit of the threefold struc- 
ture of the present invention can be effectively 
applied to the document feeding apparatus of the 
document bottom feed type. It can also be applied 
to a paper feeding apparatus in which a paper is 
fed in such a manner of bottom feeding. 

As explained above, the present invention pro- 
vides a document feeding apparatus in which a 
stack of documents located on a stacker are 
moved in the direction of document feed and the 
lowermost document of the document stack is sep- 
arated one by one from the document stack by a 
separation means in order to feed the document, 
and which is characterized in that document feed, 
document separation , and document conveyance 
are conducted by a suction cylinder unit composed 



of a cylinder with a threefold pipe structure and of 
a suction means. Accordingly, it is not necessary to 
press a document stack, so that the stain on the 
front side and reverse side of a document which is 
s caused by rubbing, can be prevented and the 
damage of an image caused by rubbing can be 
also prevented. Further, the document separation 
efficiency is improved, so that a thin document can 
be separated and conveyed stably. Furthermore, 

w since a document is sucked by a pipe, the whole 
circumferential surface of which is provided with 
holes, the document surface is uniformly sucked to 
the pipe surface and conveyed without causing 
wrinkles and document skew conveyance. 

is When a document is sucked and conveyed, 
the document is held by a rubber (synthetic rub- 
ber) coated surface of the most outside pipe mem- 
ber, wherein the coefficient of friction of the rubber 
surface is large. Accordingly, even when negative 

20 pressure of suction is small, slippage between the 
document and the rubber surface does not occur 
so that the document can be stably conveyed, 
whereby the vacuum suction unit can be made 
compact, electricity can be economized, and the 

25 production cost of the equipment can be reduced. 

The slit-shaped openings of the second or the 
third cylinder can be rotatably selected according 
to the document size, in other words the document 
width, so that the suction air can effectively suck 

30 the document surface. Accordingly, the apparatus 
of the invention is very effective for separation and 
conveyance of various size of documents. Further, 
the slit can be easily and rapidly changed over. 
Another example of the apparatus of the 

35 present invention will be described as follows. 

Referring now to Figs. 8(A) to 8(E) and Rg. 9 
which are the sectional views of the suction cyl- 
inder, and referring to the time chart in Rg. 10, the 
control motions of a recirculating document handler 

40 (RDH) to which another example of the present 
invention is applied, will be described. 

In this example, the steps (1) to (4) are the 
same as those in the previous example. At the step 
(5) in this example, when the most inside pipe 

45 member 251 is rotated by motor M3 and stopped 
at a predetermined position, the opening portion 
251 A of the most inside pipe member 251 and the 
opening portion 241 A of the middle pipe member 
241 are stopped and they form a relative opening 

so angle Q1 (10* to 30* ) as illustrated in Rg. 9. After 
that, at the step (7), when the suction means of the 
suction cylinder unit 230 is turned on, the opening 
portions 241A.251A are in the state of suction and 
an opening is formed, the relative opening angle is 

55 Q1, as illustrated in Rg. 9. Consequently, the lead- 
ing edge-portion of the lowermost document D1 is 
sucked by the negative pressure suction through 
the relative opening angle Q1 and separated from 
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the document stack so that the document comes 
into close contact with the outer circumferential 
surface of the most outside pipe member 231. The 
document D1 is kept waiting in the preliminary 
state of close contact until document feed is start- 
ed. (Refer to the step A of Fig. 10.) 

At the steps (8) and (9), when the middle pipe 
member 241 is further rotated and the opening 
241 A and the opening 251 A are matched with each 
other so that they form a full opening state (the 
relative opening angle; 63, the rate of opening; 
100%). the above-described document D1 is 
sucked by the negative pressure suction which 
passes through the opening portions 251 A, 241 A 
and small through-holes 231 A, so that the docu- 
ment D1 comes into close contact with the outer 
circumferential surface of the most outside pipe 
member. (Refer to the steps B and C in Fig. 10.) 

In this state (The middle pipe member 351 is 
stopped. The relative opening angle is 100%. The 
suction is conducted.), Document D is kept waiting 
for a predetermined time (about 30 to 100ms). (The 
step C in Fig. 10 is maintained.) Even when there 
exists a document D1 which is not separated from 
the document stack during the revolution of the 
above-described middle pipe member 241 and 
which does not come into close contact with the 
surface of the most outside pipe member 231, due 
to the full opened slit in the state of stop and the 
continous suction the document is sure to come 
into close contact with the outer circumferential 
surface of the most outside pipe member 231 
being sucked. (Refer to the step D of Fig. 10.) 

After that, in the same way as the step (10), 
while the document is sucked, clutch k is turned on 
so that the most outside pipe member 231 can be 
rotated by Motor Ml. Document D1 which comes 
into contact with the rubber coated circumferential 
surface of the most outer pipe member 231, is 
moved by the revolution of the most outside pipe 
member 231 being sucked to the rubber coated 
surface and pulled out from the bottom of the 
document stack, (the step E in Fig. 10) 

In this example, the leading edge of document 
D1 is advanced along the inside of the guide plate 
263. When the document leading edge sensor de- 
tects the passage of document D (Fig. 8(D)), motor 
M2 is started by the signal from the sensor and the 
middle pipe member 241 is rotated, so that the 
relative opening angle (the opening ratio) formed 
by the middle pipe member 241 and the most 
inside pipe member 251, is gradually decreased. 
At this moment, motor M1 is stopped and clutch K 
is turned off, so that the most outside pipe member 
231 is rotated as an idler (the steps F to G in Fig. 
10). When motor M1 is stopped, the intermediate 
conveyance rollers 261,262 are once stopped. After 
the intermediate conveyance rollers 261,262 have 



been rotated by inertia, the rollers are stopped in 
the state of holding the leading edge of the docu- 
ment so that the document can be fed synchro- 
nously with a recording paper which is fed by the 

5 registing roller located in the paper feed unit in the 
copier 100 body. 

After that, in the same way as the step (11), 
the intermediate rollers 261,262 are started again 
according to the recording paper feed signal, and 

io the leading edge of document D is conveyed to the 
contact position of the conveyance belt 220 and 
the platen glass 102. In this example, when docu- 
ment D is conveyed to the contact point, the most 
outside pipe member 231 is rotated by document 

is D as an idler. The middle pipe member 241 is 
rotated in the arrowed clockwise direction, and it is 
stopped when it reaches the initial position at which 
the relative opening angle becomes 0, wherein the 
slit is in a dosed state. (Refer to the step K in Fig. 

20 10.) 

Before the document leading edge detecting 
sensor 264 detects that the trailing end of docu- 
ment D1 has passed through the suction cylinder 
unit 230, the suction means of the suction cylinder 

25 unit 230 is turned on again, and suction is started 
to prepare for the suction of the next document 
(Refer to the step I in Rg. 10.) 

In this example, before document feed is start- 
ed, the relative opening angle formed by the open- 

30 ings of the middle pipe member and the most 
inside pipe member, is opened a little in advance 
so that the preliminary suction can be conducted. 
For that reason, the leading edge of a document 
positively comes into contact with the most outside 

35 pipe member. Therefore, improper conveyance of 
document such as waving and skewing can be 
prevented and the efficiency of document separa- 
tion is remarkably increased. 

When the cylinder is stopped for a moment in 

40 the process of document separation, the efficiency 
of document separation can be remarkably in- 
creased. 

In the example described above, as a matter of 
explanatory convenience, both of the preliminary 

45 suction at the opening angle of Q1 (10* to 30*) 
and the continuous suction for a predetermined 
period at the opening rate of 100%, are adopted. 
However, even when either of two is adopted, it is 
possible to improve the efficiency of document 

so separation. 

To change the subject slightly, in the sectional 
view of the main portion of the document feed 
apparatus illustrated in Rg. 9, the front edge-por- 
tion 201 A of the document stacker 201 is located at 

55 the position a little backward with regard to the 
initial contact position between the above-de- 
scribed most outside pipe member 231 and the 
lowermost document D1. 



11 



21 



EP 0 413 471 A2 



22 



The upper anchoring member 257 is fixed to 
the lower face of the front edge-portion 201 A of the 
above-described document stacker 201. On the 
other hand, the lower anchoring member 258 is 
fixed to the apparatus body at the position close to 6 
the lower portion of the most outside pipe member 
231 . The seal member 259 are fixed to the above- 
described anchoring members 257 and 258. The 
seal member 259 is made of a sheet which is 
made from wear resisting flexible material such as 10 
polyethylene terephthalate. Both edges of this seaJ 
member 259 are fixed to the above-described an- 
choring members 257 and 258, and the intermedi- 
ate portion of the seal member is wound around 
the above-described most outside pipe member 75 
231 in such a manner that it slightly comes into 
contact with a portion of the pipe member 231. 
Consequently, some of small through-holes 231 A 
of the most outside pipe member 231 are closed 
by the seal member 259, so that the suction loss is 20 
decreased and the efficiency of negative pressure 
suction by the relative through-hole formed by the 
opening 241 A provided to the middle pipe member 
241 and the opening 251 A provided to the most 
inside pipe member 251 , is improved. 25 

Rg. 11 is a sectional view of another example 
of the threefold pipe structure document feed ap- 
paratus of the present invention. In this example, 
the second cylinder 281 which is located at the 
intermediate position is fixed, and the third cylinder 30 
which is located at the most inside position is 
rotatable. The second cylinder 281 is provided with 
the openings 261A,261B,261C, the suction length 
of which can be varied. The third cylinder 271 is 
provided with the opening 271 A, which performs 35 
the function of a shutter to vary the suction opening 
ratio. Rg. 11(A) shows the state in which document 
feed is going to start. The opening portion 281A of 
the second cylinder 281 crosses with the opening 
portion 291A of the third cylinder 291 so that the 40 
closed state is formed (the opening ratio; 0%). Rg. 
11(B) shows the state in which the third cylinder 
291 is rotated clockwise by the angle 02 and the 
cylinder is temporarily stopped, wherein the above- 
described openings 281A,291A are matched so 45 
that the open state is formed (the opening rate; 
100%). In this state, as described before (Refer to 
Rg. 8(C)), document D1 is sucked by the negative 
pressure suction which passes through the open- 
ings 281A.291A and small through-holes 231 A of 50 
the first cylinder 231 so that document D1 comes 
close contact with the outer circumferential surface 
of the first cylinder 231 and successively document 
D is conveyed in the clockwise direction. 

An example of the blast means will be ex- 55 
plained as follows. As illustrated in Rg. 12, the 
blast means 270 is located at the position close to 
the lower back side of the document bumping plate 



208 in this example. The blast means is composed 
of the first blast means 271 located upward and the 
second blast means 272 located downward. 

The above-described blast means 271 is con- 
nected with a blast fan not illustrated in the drawing 
and composed of the blast duct 271 A which is 
provided in parallel with the side of a document 
and the width of which is the maximum document 
size, and composed of a plurality of air nozzles 
(the first compressed air outlets) 271 B which are 
connected with the blast duct 271 A. The air noz- 
zles 271 B form an air stream which is directed to 
the position close to the front edge-portion of docu- 
ment stack D on the document stacker 201. This 
air stream forms an angle of 5* to 10* with regard 
to the surface of the document stacker, wherein the 
the air stream is blown upward against document 
D. The air stream of these air nozzles 271 B is a 
compressed air stream which diffuses in the direc- 
tion which makes a right angle with the document 
surface. 

The diffused air stream ejected from the 
above-described air nozzles 271 B is blown upward 
with regard to the front edge-portion of document 
stack D so that it can be blown into the spaces 
between documents D. Since the air stream is 
blown against documents D, the weight of docu- 
ment stack D is offset and when the lowermost 
document of the document stack D is pulled out, 
the weight of the document stack loaded on the 
lowermost document is lightened, so that stain of 
document caused by rubbing can be prevented. 

The second blast means 272 has almost the 
same structure as the above-described first blast 
means 271, and it is composed of the air duct 
272A connected with the blast fan and a plurality of 
air nozzles 272B (the second compressed air out- 
lets) connected with the air duct 272A. The air 
nozzles 272B are provided only to the middle por- 
tion with regard to the direction of the document 
width. 

The air nozzles 272B eject a compressed air 
stream against the front edge-portion of the lower- 
most document which is separated from the docu- 
ment stack on the document stacker 201 by the 
suction force of the most outside pipe member 231 
of the above-described vacuum conveyance unit 
230. 

When the lowermost document is sucked and 
separated from the document stack, the air stream 
ejected from the above-described air nozzles 272B 
is blown against the document in the tangent direc- 
tion at the point where the leading edge of the 
document is wound around the most outside pipe 
member 231 so that double feed of document can 
be prevented. 

The blast fan of the above-described first blast 
means 271 and the blast fan of the second blast 
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means 272 may be independently provided. How- 
ever a single fan and a branch of air duct may be 
also used. 

The blast means 273 illustrated in Fig. 13 is 
another example of the above-described blast 
means 270. (Refer to Fig. 12.) Fig. 14 is a perspec- 
tive view of the blast unit 273. A plurality of first 
compressed air nozzles (the blast nozzles) 273B 
are connected with the upper portion of a single air 
duct 273A which is connected with the air outlet of 
a single fan motor FM. The air nozzles 273B is 
provided in such a manner that the nozzles can 
cope with various document sizes from the maxi- 
mum document size (for example, A3 size of 
420mm length) to the minimum document size (for 
example, B5 size of 257mm length). 

A plurality of second compressed air outlets 
(the air nozzles) 272C, the number of which is 
smaller than the above-described outlets 273 B, are 
connected with the lower portion of the air duct 
273A. The outlets 273C are provided to the middle 
portion and eject the compressed air upward in the 
same way as the above-described air nozzles 
272B. 

Fig. 15 is a perspective view of the document 
bumping plate 274 which is provided to the front of 
the above-described blast unit 273. 

A plurality of vertical slits 274A are provided to 
the lower portion of the document bumping plate 
274 so that the air stream from the outlets 
273B.273C of the blast means 273 (not illustrated 
in the drawing) installed at the back of the docu- 
ment bumping plate 274, can pass through in the 
arrowed direction. The lower portion of the above- 
described document bumping plate 274 performs 
the function of a guide plate which forms the docu- 
ment passage in the vicinity of the circumferential 
surface of the above-described most outside pipe 
member 231. Two resilient members 274B are 
adhered to the vicinity of the middle portion of the 
above-described document bumping plate 274. 
The resilient members 274B are made from 
foamed synthetic rubber, so that their resilient fric- 
tion force is effective to prevent double feed of 
document when a document is sucked and sepa- 
rated from a document stack. 

In this composition, at the above-described 
step 7, when the suction means of the suction 
cylinder unit 230 is turned on and the pressure at 
the most inside pipe member 251 is made negative 
by the negative suction from the suction source, 
fan motor FM of the blast means 273 is also turned 
on and the compressed air is ejected from the air 
nozzles 273B.273C, so that the air stream is blown 
against the front edge-portion of document stack D 
and against the outer circumferential surface of the 
most outside pipe member 231 of the suction cyl- 
inder unit 230. At the same moment, the air stream 



sent from the above-described blast means 270 is 
blown against the leading edges of document D 
which are in the state of hanging and air is sent 
into the spaces among documents, so that double 

5 feed can be prevented and the efficiency of sepa- 
ration can be improved. Even when two sheets of 
documents placed on the lowermost document are 
pulled out during the suction of the lowermost 
document, the documents are separated and blown 

10 upward by the air stream ejected from the nozzles 
273C, wherein the air stream is blown in the tan- 
gent direction of the most outside pipe member 
231. Accordingly, the document separation efficien- 
cy is improved and thin documents can be stably 

75 separated and conveyed. Furthermore, the suction 
is conducted by the whole circumferential surface 
of a cylinder which is provided with holes, so that 
the document surface can be uniformly sucked. As 
a result, the problems of wrinkles on a document 

20 and skewing in document conveyance can be pre- 
vented. 



Claims 

25 

1 . An apparatus for feeding a paper, comprising: 
a stacker for placing a stack of papers; and 
threefold cylinder means for separating the lower- 
most paper by vacuum suction from the stack of 

30 papers placed on the stacker and sequentially 
feeding the separated paper one by one, the 
threefold cylinder member disposed below the 
stacker in the vicinity of the leading edge of the 
stacker in relation to the feeding direction and 

35 including, 

a first cylinder rotatabie and provided with a num- 
ber of through holes on the circumferential surface 
thereof, 

a second cylinder, installed inside the first cylinder, 
40 provided with a slit-shaped opening on the circum- 
ferential surface thereof, 

a third cylinder, installed inside the second cyl- 
inder, provided with a slit-shaped opening on the 
circumferential surface thereof, and 
45 vacuum suction means connected to the third cyl- 
inder. 

2. The apparatus of claim 1, 

wherein the first, second and third cylinders are 
arranged on the same axis and circumferential sur- 
50 faces of them are cocentric circles. 

3. The apparatus of claim 1, 

wherein either the second or third cylinder is made 
rotatabie and the other cylinder is made stationary. 

4. The apparatus of claim 3, 

55 wherein the lowermost paper is separated onto the 
first cylinder as a composed opening formed be- 
tween the slit-shaped openings of both the second 
and third cylinders is gradually opened from the 
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closed condition by rotating the rotatable cylinder, 
thereafter the separated lowermost paper is fed by 
rotating the first cylinder. 

5. The apparatus of claim 4, 

wherein, after the composed opening has been 
opened to the full open condition by matching both 
the slit-shaped openings, the first cylinder is made 
to start rotating. 

6. The apparatus of claim 4, 

wherein the first cylinder is made to start rotating at 
a predetermined time period after the composed 
opening has been opened to the full open condition 
by matching both the slit-shaped openings. 

7. The apparatus of claim 3, 

wherein the lowermost paper is separated by pro- 
viding a initial opening between both the slit- 
shaped openings before the composed opening is 
gradually opened. 

8. The apparatus of claim 1, 

wherein the top of the circumferential surface of the 
first cylinder is positioned not higher than the 
lowermost paper located on the stacker. 

9. The apparatus of claim 1 , 

wherein, below the stacker, a sheet like seal mem- 
ber is provided to come in close contact with a part 
of the first cylinder for preventing vacuum suction. 

10. The apparatus of claim 1, 

wherein the slit-shaped opening of either the sec- 
ond or third cylinder is arranged in the axial direc- 
tion on the circumferential surface and the slit- 
shaped opening of the other cylinder consists of a 
plurality of slit-shaped openings differing in length 
in the axial direction corresponding to a plurality of 
paper sizes to be fed. 

11. The apparatus of claim 10, 

wherein the other cylinder having the plurality of 
slit-shaped openings is rotated to a predetermined 
rotation position in accordance with a paper size 
signal. 

.12. The apparatus of claim 1, 

wherein a layer with a large friction coefficient is 

formed on the circumferential surface of the first 

cylinder. 

13. The apparatus of claim 12, 

wherein the layer Is made of a rubber sheet 

14. The apparatus of claim 1 , further comprising 
air blast means for blowing compressed air to 
separate the lowermost paper from the stack of 
papers. 

15. The apparatus of claim 14, 

wherein the air blast means comprises the first air 
blast member for blowing the compressed air to 
the leading edge of the stack of papers. 

16. The apparatus of callm 14, 

wherein the air blast means comprises the second 
air blast member for blowing the compressed air in 
the upward direction tangent to the circumferential 
surface of the first cylinder. 



17. An apparatus for feeding a paper, comprising: a 
stacker for placing a stack of papers; 

vacuum type feed means for separating the lower- 
most paper by vacuum suction from the stack of 

5 papers placed on the stacker and sequentially 
feeding the separated paper one by one. the vacu- 
um type feed means disposed below the stacker in 
the vicinity of the leading edge of the stacker in 
relation to the feeding direction and including, 

10 an outer cylinder rotatable and provided with a 
number of through holes on the circumferential 
surface thereof, an inner cylinder, installed inside 
the outer cylinder, provided with a slit-shaped 
opening on the circumferential surface thereof, and 

15 vacuum suction means connected to the inner cyl- 
inder; 
and 

air blast means for blowing a compressed air to 
separate the lowermost paper from the stack of 
20 papers. 

18. The apparatus of claim 17, 

wherein the air blast means comprises the first air 
blast member for blowing the compressed air to 
the leading edge of the stack of papers and the 
2$ second air blast member for blowing the com- 
pressed air in the upward direction tangent to the 
circumferential surface of the outer cylinder. 

19. The apparatus of claim 18, 

wherein the first air blast member blows the corn- 
so pressed air to spread in the upward direction in 
relation to the thickness of the stack of papers. 

20. The apparatus of claim 18, 

wherein the second air blast member blows the 
compressed air to form air stream concentrating at 
35 the leading edge of the paper separated onto the 
outer cylinder. 

21. The apparatus of claim 18, 

wherein the first and second air blast members are 
connected to a common air pipe. 

40 
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